University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Environmental Studies Undergraduate Student
Theses

Environmental Studies Program

Spring 4-28-2014

Characterization of Enzymatic Properties of Maize TPS and TPP
Proteins Involved in the Trehalose Pathway
Allison C. Siekman
University of Nebraska-Lincoln

Follow this and additional works at: https://digitalcommons.unl.edu/envstudtheses

Disclaimer: The following thesis was produced in the Environmental Studies Program as a
student senior capstone project.
Siekman, Allison C., "Characterization of Enzymatic Properties of Maize TPS and TPP Proteins Involved in
the Trehalose Pathway" (2014). Environmental Studies Undergraduate Student Theses. 128.
https://digitalcommons.unl.edu/envstudtheses/128

This Article is brought to you for free and open access by the Environmental Studies Program at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Environmental Studies
Undergraduate Student Theses by an authorized administrator of DigitalCommons@University of Nebraska Lincoln.

Characterization of Enzymatic Properties
of Maize TPS and TPP Proteins Involved
in the Trehalose Pathway

Allison C. Siekman
Department of Agronomy and Horticulture
Coauthors: Samuel W. Bledsoe, Alec M. Kollman
Thesis Adviser: Dr. Mark Lagrimini
Thesis Reader: Clémence Henry
April 28, 2014

1

I. INTRODUCTION
Plant metabolism’s most important skill is its ability to perform
photosynthesis, converting light energy of particular wavelengths to stored
biochemical energy1. Like many organisms, plants follow a circadian rhythm. This
means that the plant’s energy cycles each day, depending on whether it is day or
night. During the day, light energy strikes the plant and is used to make soluble
sugars, amino acids, lipids, nucleic acid, and complex carbohydrates. Not all of these
compounds are used for immediate growth; a major fraction is saved for storage2.
During the night, the plant uses 95% of starch, the storage form of sugar, before
dawn to continue metabolism and growth3. This process is tightly regulated by
sugars like hexose, sucrose, and trehalose-6-phosphate (T6P), thus, making them
key in maintaining energy balances and managing starch reserves during this light
to dark transition. The regulation of metabolism is critical for plant production and
yield. It enables the plant to be more efficient, which is key for raising grain yield.
When converting sunlight to sugars, about 6% of solar energy in C4 plants and 4.6%
in C3 plants is translocated grain and biomass4. An increase in solar efficiency would
lead to an increase in grain yield. T6P, the precursor of trehalose, has drawn special
attention because it regulates essential developmental processes ranging from
embryo development to leaf senescence5. Thus, understanding the trehalose
pathway and how it is involved in the sensing network during these times of
transition will allow us to improve plant stress tolerance, solar efficiency, and plant
growth and productivity.
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Trehalose (α-D-glucopyranosyl-(1→1)-α-D-glucopyranoside) (Figure 1) is a
non-reducing sugar and an important osmoprotectant in bacteria, fungi, and insects.
In these organisms it accumulates in high concentrations 6. Most plants studied so
far accumulate only trace amounts of T6P (4 to 7 μM in Arabadopsis leaf cytosol,
lower than hormone concentrations)7. Therefore, it is not likely that it functions as
an osmoprotectant. Instead, trehalose and T6P are important for sensing and
communicating energy status, making this function the more likely of the two 8. T6P
is responsible for inducing metabolic changes. For example, in yeast, it prevents
glucose from flooding the cycle of glycolysis. This occurs because hexokinase, an
important sugar sensor in yeast is inhibited by T6P 9. Because hexokinase is
conserved in plants, it is possible that T6P holds a similar role10. Another important
plant metabolic signaling device is SNF-1 related protein kinase1 (SnRK1)11. SnRK1
is a major metabolic regulator, important for switching protein activity and
transcription from anabolism to catabolism. T6P inhibits 50% of SnRK1 activity in
Arabadopsis seedlings at physiological concentrations (1 to 20 μM)12. T6P is
therefore a good candidate for controlling the switch occurring in the metabolism
during the day to night change.
The metabolic pathway for the synthesis and degradation of trehalose occurs
in three steps in plants (Figure 2). First, trehalose-6-phosphate synthase (TPS)
catalyzes the condensation of glucose-6-phosphate (G6P) and uridine diphosphate
glucose (UDPG) to form T6P. Next, trehalose-6-phosphate phosphatase (TPP)
removes the phosphate from T6P to form trehalose. Last, trehalase (TRE)
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Figure 1: Chemical Structure of Trehalose

9

Figure 2: Trehalose Metabolism15
A: The pathway of trehalose biosynthesis and break down in plants
B: Domain structure of bacterial, yeast, and plant trehalose metabolisms.
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hydrolyzes trehalose into two glucose residues. In the plant, genes coding for TPS
and TPP belong to multigenic families 13. The TPS encoding genes can be separated
into two classes. Class I TPS genes encode TPS catalyzing enzymes, except in a few
cases. They have both TPS and TPP domains and inactive phosphatase boxes. Class
II TPS genes also have TPS and TPP domains, but they lack some residues in the TPS
domain that are needed to interact with the substrate13. Most of the Class II TPS
genes do not possess TPS or TPP activity. However, in rice some Class II TPS
proteins interact to form complexes14. Therefore, they are suspected to have a
regulatory role. For example, Arabadopsis encodes for a single TPS1 next to a family
of inactive TPS-like proteins. This is thought to be for regulatory purposes in
actively growing tissue 15.
Much research describing the trehalose pathway, T6P, and its gene families
and networks was done in the model plant Arabadopsis. Mutant and transgenic
plants were created to help demonstrate gene functions. TPS1 is an important gene
in the metabolic pathway. The TPS1 knockout mutation in Arabadopsis is embryo
lethal, showing that trehalose pathway is key to coordinating development 16. TPS1
mutants also failed to develop normal vegetative growth after being rescued. This
was shown by inserting an Escherichia coli T6P gene into the Arabadposis embryo
after TPS1 was knocked out16. Plants expressing E. coli TPS and TPP genes have
large changes in vegetative development, again linked to the changes in T6P content
17.

With the exception of TPS1 and RAMOSA3 (RA3), a TPP gene, the maize trehalose

pathway and gene structure is still largely unknown. After creating a TPS1 knockout,
the gene was then shown to be functional through yeast complementation18. TPP
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knockouts increase the amount of T6P. 3 ramosa genes regulate branching in maize,
one of which, RA3, encodes at a TPP gene. The RA3 knockout caused changes to
occur in the axillary inflorescence meristems, changing the branching patterns 19.
Our study will be modeled off of Jiang, et al18 and Vandesteene, et al15. The
first showed the functionality of maize TPS1, and the latter functionality and activity
of TPS genes in Arabadopsis, both using yeast complementation. Yeast
complementation uses mutant lines of yeast strains, (Δtps1, Δtps2) which lack the
ability to express TPS or TPP genes, respectively, which make them unable to
survive under certain conditions. Maize TPS and TPP genes are expressed and
analyzed to see if they complement the missing function. Analyzing the TPS function
is done through growing them on glucose and galactose. Galactose media is used as
a control, all yeast will grow. However, only those with functional TPS genes will
grow on the glucose media. This is due to the fact that those without the functional
gene will be unable to control the flow of glucose into the glycolytic cycle18. The TPP
function is analyzed through temperature differences. All transformed yeast
survives on glucose media. They are grown at 30°C and 38°C. Those grown at the
higher temperature will only survive if they have functional TPP genes18. An in vitro
enzyme assay will also be used to test for functionality and activity of the TPS and
TPP genes. This will be done because sometimes complementation can work, but by
expressing a different enzyme. Enzymes can have multiple roles, so it is important to
be sure that the enzyme is working in the capacity that we desire. This assay occurs
outside of the cell by extracting protein from the yeast. The in vitro assay is a good
counterpart to complementation because both measure activity and functionality,

6

meaning if both are positive, we can be sure that the TPS or TPP genes are
functional.
After conducting a previous research experiment, 14 TPS, 11 TPP, and 1 TRE
gene families have been identified. After isolating the families, we were able to
clone: ZmTPSI.1.1, I.1.2, II.3.2, II.3.3, II.4.2, II.4.3, II.5.3, and II.5.4, as well as
ZmTPPA.3, TPPB.1.1, B.1.4, and B.1.5 The goal of this project is to determine the
protein functionality of the previously cited genes through the use of yeast
complementation.
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II. MATERIALS AND METHODS

PLANT MATERIAL
The plant of interest for this study is Zea mays inbred line B73. This line was
chosen because it has been genetically sequenced and extensive data are available
online.

PLASMIDS AND CDNA CLONING
To begin the project, plasmids carrying the chosen TPS and TPP genes needed to
be cloned and constructed (Figure 3). This was done using the Invitrogen gateway
system. The Gateway method is a fast way to clone genes, done in just one hour at
room temperature and is over 99% effective for the clone needed. The Gateway
method used to clone the TPS and TPP genes also inserted them into vectors. These
vectors can be used to put the genes into E. coli, mammals, plants, or yeast. We
chose to put the plasmid in yeast because it has been done before and it will have
more tRNA that is similar to maize.
To prepare the plasmids, the genes were first amplified using PCR. The gene was
then cloned into the entry vector, PDONR 221. An LR Reaction was used to
recombine it with the destination vector, PAG-424 (see LR Reaction below). It was
then transformed in E. Coli for multiplication and the plasmids were mini-prepped
using the QIAprep Spin Miniprep Kit (QIAGEN, USA) using the procedure of the
provider.
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Figure 3: Work done before current project to prepare
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GATEWAY LR REACTION TO CREATE FINAL VECTOR
In a 1.5 mL microcentrifuge tube, mix at room temperature the following: 50150 ng of ENTRY clone, 150 ng of DESTINATION Vector, TE Buffer to a final volume
of 8.5μL. Thaw Gateway LR Clonase II Enzymes on ice for about two minutes and
vortex briefly. Add 1.5μL to the sample and incubate overnight. The next morning,
add 1μL of Proteinase K to each reaction and incubate for 10 minutes at 37°C.
Samples may be stored at -20°C for up to one week.

YEAST COMPETENT CELL PREPARATION
Competent yeast cells are used for transformation with a gene of interest. To
begin, grow a colony in 5 mL of YPD media at 28°C shaking at 250 RPM. Use 2 mL of
the overnight culture to inoculate 200mL of YPD. Grow until they reach an optical
density of 0.6. Spin down for 10 minutes at 1000xg in 4x50mL tubes and discard the
supernatant. Resuspend pelleted cells in 30 mL of solution A. Spin down 10 minutes
at 1000xg and discard the supernatant. Resuspend the pellets in 2 mL of Solution A.
Aliquot competent cells by 200μL into 1.5mL tubes. Store at -80°C until use.
YPD
For 1L
Yeast Extract

10g

Peptone

10g

Galactose

10g
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SOLUTION A
For 100 mL

Final Concentration

Bicine

1.632g

10 mM

Sorbitol

18.2g

1M

Ethylene glycol

3g/ 3mL

3%

YEAST TRANSFORMATION AND COMPLEMENTATION
YEAST TRANSFORMATION PROTOCOL ONE
To begin the yeast transformation (Figure 4), the chosen yeast strain must be
streaked out from glycerol stock onto YAPD + glucose agar (20g/L peptone, 10g/L
yeast extract, and 20g/L agar, pH 6.5, autoclave, 2% sterile glucose). Plate yeast and
grow for 48 hours at 30°C.
50μL of 2mg/mL salmon sperm carrier DNA is then added to a 1.5 mL tube.
The grown yeast cells are then scraped from the plate and added to the carrier DNA.
In the following order add: 240μL 50% filter sterilized PEG, 36μL 1M Li-Ac, and
36μL plasmid DNA (0.1-1μg). Resuspend by pipetting up and down and incubate at
42°C for 40 minutes. Centrifuge at 14,000xg for 30 seconds, and resuspend cells in
100μL water. Plate on selective dropout media and grow for two days at 30°C.
YEAST TRANSFORMATION PROTOCOL TWO
Add 5μL salmon sperm DNA, 5μL of 1M histamine and 1 to 5μg of plasmid
DNA to frozen competent S. cerevisiae cells. Incubate them for 5 minutes at 37°C
under shaking to thaw them. Add 1mL of solution B and incubate at 28°C while
shaking. Spin down for 3 minutes at 3000xg, discard the supernatant and wash the
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Figure 4: Flow chart of experimental steps used in this study
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pellet with 500μL of solution C. Spin for down for 3 minutes at 3000xg, discard the
supernatant and resuspend the pellet with 200μL of solution C. Spread 50μL of the
cells on selective dropout media and grow up to 4 days at 28°C.
SOLUTION B
For 50 mL

Final Concentration

Bicine (0.5M, pH 8.35)

20mL

200mM

PEG 1000

20g

40%

For 50 mL

Final Concentration

Bicine (0.5M, pH 8.35)

1 mL

1mM

NaCl (5M)

1.5mL

150mM

SOLUTION C

COMPLEMENTATION
Perform a drop test to verify the complementation of the function in yeast at.
Based on the optical density read at 600 nm, perform a serial dilution (106, 105, 104,
103, 102) using that 1 unit of optical density = 7x107 cells/mL. Drop 10 μL of each
dilution next to each other on the plate for each strain (Figure 5). For TPS
complementation, use YAPD + 2% glucose media. For TPP complementation, use
YAPD + 2% galactose media or YAPD + 2% glucose media. Grow at 30°C or 38°C for
TPS or TPP complementation, respectively, for 48 hours.
The plated cells are yeast cells with a cDNA plasmid inserted. To test for TPS
functionality, the yeast colonies are grown at 30°C on galactose and glucose media.
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The colonies without functional TPS genes will then be poisoned by the glucose
media, allowing us to see if there is yeast complementation and the enzyme is
functional. To test for TPP complementation, transformed yeast is grown on YAPD+
2% glucose media, half at 30°C and half at 38°C. The TPP functionality is shown by
temperature sensitivity. Colonies that are not functional will not survive at the high
temperature.

Figure 5: Example of drop test

IN-VITRO ASSAY
μL) are cultivated in 50 mL of YAPD media for 16 hours at
Yeast strains (250 μ
30°C and 150 rpm shaking. Cells are pelleted down in 25 mL centrifuge tubes for 10
minutes at 18,000xg at 4°C.
C. The supernatant is discarded and pellet resuspended in
1 mL of grinding buffer (0.1 M HEPES
HEPES-KOH pH 7.1). It iss then transferred to
t a 2 mL
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tube. The proteins are extracted by shaking in the presence of glass beads (50% of
the volume) for 3 times for 3 minutes at 30 shakes per second, chill on ice between
shakes. Centrifuge for 5 to 10 minutes at 18,000 xg at 4°C. Transfer supernatant to a
2 mL tube and add 1 mL of grinding buffer and 15 μL of protease inhibitor; vortex
for 15 seconds. Keep on ice.
Next, protein dialysis is performed by transferring 1 mL to prewetted and washed
dialysis tubes (3.5 to 5 kDa). Place tubes in 100 volume of cold grinding buffer for
TPS assay, or 50mM MOPS buffer at a pH of 6 for TPP assay. Incubate for 2 hours at
4°C with stirrer. Change the buffer and finish the incubation overnight. Transfer the
purified extract to a 1.5 mL tub and keep on ice until further use.
A Bradford Dosage Protein Assay is performed to calculate protein
concentration. First, generate a standard curve with 0, 0.1, 0.2, 0.4, 0.8, and 1.0
mg/mL BSA protein by pipetting 10 μL of each standard into a 96-well plate. Pipet 1
μL of sample into separate wells, and add 200 μL of Bradford reagent. Mix by
pipetting up and down slowly, avoiding air bubbles. After 5 minutes of incubation at
room temperature, measure at 595 nm. Compare results to standard curve to
determine protein concentration
After running the Bradford, the TPS or TPP assay is ready to be conducted.
For the TPS assay, begin with 100 μL of plant protein extract per reaction in a 2.0
mL tube. Add 60 μL of Reaction 1 buffer (10 μL 1 μmol of UDP-Glucose, 10 μL 1 μmol
glucose-6-phosphate, 2 μL of 2 μmol MgCl2, and 38 μL of water). Incubate at 35°C for
60 minutes. Stop the reaction by boiling for 5 minutes using. Chill the sample on ice
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and centrifuge at 17,000 xg for 5 minutes at 4°C. Transfer the supernatant to a clean
tube and keep on ice to perform the dosage of T6P formed by the Anthrone method.
For the Anthrone dosage method, add 20 μL of 1M HCl and incubate at 100°C
for 20 minutes. Add 20 μL of 3.0 M freshly made NaOH. Incubate at 100°C for 20
minutes, then chill on ice. The final volume is 200 μL. Add 200 μL of Reaction 2
buffer (0.2% Anthrone reagent in 25mL concentrated H2SO4) to 100 μL Reaction 1
in duplicate.Incubate at 95°C for 20 minutes. Cool at room temperature for 10-20
minutes, then spin down and read the absorbance at 620 nm on 200 μL; compare to
standard trehalose curve. The TPS activity will be represented as μmol
T6P/hour/mg protein.
To begin the TPP assay, prepare a premix solution of 40 μM phosphate
standard by adding 40 μL 1mM phosphate standard to 960 μL distilled water or
enzyme reaction buffer. Dilute standards as shown in Table 1. To assay phosphate
content, transfer 80 μL of standard or test sample into separate wells of the plate,
and add 20 μL of Working Reagent to each well. Add blank controls containing
reaction buffer. Mix gently by tapping the plate. Incubate for 30 minutes at room
temperature for color development. Measure the absorbance at 620 nm on a plate
reader. Compare the results to the standard curve to determine phosphate
concentration.
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Table 1: Phosphate Standard Dilutions

Number

Premix+H2O

Final Vol (μL)

Phosphate
Conc (μM)

1
2
3
4
5
6
7
8

200 μL + 0 μL
160 μL + 40 μL
120 μL + 80 μL
80 μL + 120 μL
60 μL + 140 μL
40 μL + 160 μL
20 μL + 180 μL
0 μL + 200 μL

200
200
200
200
200
200
200
200

40
32
24
16
12
8
4
0

pmoles
Phosphate in
50 μL
2,000
1,600
1,200
800
600
400
200
0

All of the studies will be completed with three biological replicates.
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III. RESULTS
CLONING AND TRANSFORMATION
The biggest achievement with this project was getting all of the available
ZmTPS and ZmTPP genes cloned into entry vectors. The genes were first inserted
into the PDONR221 vector, and then inserted into the destination vector, PAG424GAL using recombination. All of the genes were successfully inserted from the entry
vector in the destination vector on the first try. The destination vector containing
the TPS and TPP genes were then used to transform JM109 E.coli. The transformed
E. Coli was plated on selective media and the transformed colonies selected by their
ability to grow in the presence of ampicillin antibiotic. The purpose of transforming
the E. Coli was to get multiple copies of each gene to use for insertion into yeast.
However, the E. Coli transformation often had very few transformed colonies.
After selecting multiple transformed colonies, a miniprep was performed to
extract the plasmid and prepare it for insertion into the yeast. After being extracted,
the plasmids were ran on agarose gel electrophoresis with PAG424-GAL as a
standard. This allowed for confirmation of the plasmid insertion based on the
plasmid size. DNA concentrations were also measured on a Nanodrop. The plasmids
were often high in DNA concentration, despite the fact that the E. Coli often did not
transform many colonies (Table 2).
After preparing the plasmids, they were transformed into the WT and Δtps1
yeast. ZmTPSII.4.2, TPSII.3.2, TPSI.1.1 and TPPB.1.1 were transformed into the WT
yeast on the first attempt. This was achieved using the first transformation protocol.
The four successful transformations will be used as controls in a complementation
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assay. Glycerol stocks were prepared for each transformant for storage until
performing the drop test. After getting these four genes successfully into the yeast,
none of the other genes would transform into either the WT or Δtps1 yeast strains.
In an attempt to remediate this, a separate transformation protocol (Transformation
Protocol Two) was used. Unfortunately, due to time constraints, potential
contamination issues, and an inability to transform, we were unable to achieve
transformation of any other genes with the new transformation.

Table 2: DNA Concentration (ng/µL)

Gene

ZmTPSI.1.1

Sample 1
170

Sample 2
156.3

Sample 3
141.1

ZmTPSI.1.2

218.1

135.9

172.0

ZmTPSII.2.2

192.6

106.8

85.21

ZmTPSII.3.3

226.2

89.99

59.03

ZmTPSII.3.2

154.0

44.73

98.16

ZmTPSII.4.2
ZmTPSII.5.3
ZmTPSII.5.4

96.78

122.4

110.9

126.2

149.5

ZmTPPA.3

163.3

164.5

195.7

ZmTPPB.1.5

130.6

85.88

ZmTPPB.1.4
ZmTPPB.1.1

134.3

142.2

132.0

144.4

136.7

105.1
103.4
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CONTAMINATION TESTING
Because the transformations were unsuccessful, the next step was to attempt
to discover if the strains were contaminated and the source of the contamination
issues. First, the media was examined. New media was made and the glycerol stocks
of yeast were streaked in an attempt to test the media for tryptophan
contamination. The yeast strains should not grow on media with tryptophan
because of a TRP1 gene knockout, and growth was seen (Figure 6B and 7B).
When the media did not show any signs of being the source, a negative control
test was implemented. This consisted of inserting the destination vector without a
maize gene insert into both the Δtps1 yeast and the WT yeast as the positive test.
The negative control had water in place of the plasmid into both yeast types. The
test came back with the plasmid insert growing and the negative control growing,
showing that the contamination issue is either with the competent cells or the
glycerol stocks in both Δtps1 and WT (Figures 6 and 7).
To test the glycerol stocks of the Δtps1 and the WT yeast, they were streaked
on dropout media and a media with all amino acids. Neither should have been able
to survive on the dropout media because both strains of yeast lack the TRP1 gene,
thus they cannot produce tryptophan on their own and need a media that contains
it. The Δtps1 yeast grew, and the WT yeast did not (Figures 8 and 9).
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A

B

Figure 6: Δtps1 A: PAG-424 Insert
B: Negative Control

Figure 4: WT-No growth

A

B

Figure 7: WT A: PAG-424 Insert
B: Negative Control

Figure 5: Δtps1- Contamination

21

DEVELOPMENT OF IN-VITRO ASSAY
In order to test the functionality of the TPS and TPP genes, an in-vitro assay
had to be developed. The TPS assay was tested on both the WT and Δtps1 yeast.
When performing a Bradford Dosage Protein Assay, the WT yeast made 1.619
mg/mL of protein, and the mutant made 0.946 mg/mL of protein (Calculated from
Figure 10). Overall activity of TPS is indicated in each white column in Table 3.
The results showed that the TPS activity in control yeast with both substrates
in the reaction was twice higher than the one of the negative controls without UDPG
or G6P. In mutant yeast total activity seemed to be higher but with no differences
between the positive and negative controls.

Table 3: TPS Activity in WT and Δtps1

Tube

1
2
3

Reaction

Control Control
(WT)
(WT)
nMol
Protein
Trehalose mg/mL

UDPG+G6P 376.59
G6P Only
186.19
UDPG Only 224.49

1.62
1.62
1.62

Control (WT)
nMol
Trehalose/ng
protein

Mutant
Mutant
(Δtps1)
(Δtps1)
nMol
Protein
Trehalose mg/mL

Mutant
(Δtps1)
nMol
Trehalose/ng
protein

1.04
0.51
0.62

178.39
177.89
219.99

0.85
0.85
1.05

0.95
0.95
0.95
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Absorbance 620 nm

3
2.5
y = 0.01x + 0.1441
R² = 0.9997

2
1.5
1
0.5
0
0

50

100
150
200
Concentration (nMols)

250

300

Figure 10: TPS Assay Standard Curve

Absorbance 595 nm

1.2
1
0.8
y = 0.5053x + 0.5106
R² = 0.9902

0.6
0.4
0.2
0
0

0.2

0.4

0.6
BSA (mg/mL)

0.8

1

1.2

Figure 11
11: Bradford Protein Assay Standard Curve
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IV. DISCUSSION
The results obtained are a good base upon which to build the finish of the
project. Each gene was cloned in an entry vector, and put into the destination vector
successfully. The transformation of four of these genes into WT yeast leads us to
believe that we are close to achieving our goal to transform the other eight genes
into WT and mutant yeast strains. After transforming the initial four genes into the
WT strain, we had difficulty transforming the additional genes into both the WT and
the Δtps1 strains. In an attempt to remediate this, we obtained a second
transformation protocol that we knew worked due to previous experiences with it
in another laboratory. For the remainder of the experiment, the second protocol was
used for all transformations.
When beginning transformation on the other eight genes into the WT yeast
and all twelve genes into the Δtps1 yeast strain, all strains were growing on media
where they should not have had such significant growth. This led us to the
hypothesis that the strains either did not have the correct knockouts or the media
had other tryptophan sources. The first hypothesis was that the media was too old,
and was contaminated during storage. To test this, new media was made and both
strains were subjected to a negative control test. After transforming both strains
twice, once with the destination vector and once with no vector, we were able to see
that both transformants could still grow on new media without tryptophan
(Previous Figure 6 and 7). This allowed us to rule out the media, and focus on the
glycerol stocks, or competent cells made from the stock.
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To test the glycerol stocks, each were streaked on dropout media without
tryptophan. The WT yeast strain did not grow, but the Δtps1 strain did. This meant
that the contamination issue with the WT yeast was most likely in the competent
cells, as discovered by process of elimination, used for transformation. The Δtps1
contamination was in the glycerol stock, and thus in the competent cells, meaning
that a new stock must be obtained from the supplier before any research can move
forward.
Regarding the mutant yeast strain further research in the literature indicated
that the Δtps1 strain supposedly knocked out for the tryptophan 1 gene had been
complemented for this function during the tps1 mutation process. Thus, the
problems with getting results from the mutant yeast transformation came from the
fact that the Δtps1 strain was not –trp1 as previously thought. After further study of
all yeast strains of the experiment, it was discovered that WT, Δtps1 and Δtps2 yeast
strains are unable to grow on medium without uracil, so using a uracil dropout
media will allow for selectivity, and ultimately performance of complementation
assays. We are in the process of using this new selective medium to achieve
transformations of WT, Δtps1 and Δtps2 yeast strains with the remaining genes.
In addition to the complementation assays, the in-vitro assay will be a very
accurate way of measuring TPS and TPP, and support the findings obtained with
complementation assays. To measure the TPS activity, the Anthrone assay was
extremely sensitive and verified the fact that both UDPG and G6P must be present
for TPS activity to be measured in the WT (Previous Table 3). As expected, in the
Δtps1 mutant strain, no difference was observed between the reaction containing
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both TPS substrates and the negative controls. However, when reported to protein
content, the activity was as high as in the WT. This could be explained in two ways,
by an overestimation of protein content in the Δtps1 mutant strain, or by an
underestimation of protein in the WT strain. The in-vitro assay will undoubtedly be
an important tool in ensuring the activity of TPS genes.
In conclusion, despite the issues with contamination and being on a tight
deadline of ending an undergraduate program, the cloning into the entry vector,
destination vector, and then into E. Coli were successfully achieved. It is the first
important step in order to perform yeast complementation and in-vitro activity
assays as done by Jiang et al (2010). Their work previously characterized Maize
TPS1 and found that it encoded a gene that produced a TPS protein, but not TPP
protein. It also showed that maize has the ability to synthesize trehalose.18 It is
already known that trehalose has two gene families. Using yeast complementation
assays, all Arabadopsis Class II genes were shown to be inactive15. However, later
papers showed that AtTPS11 was functional using yeast complementation20. These
results indicate that some of the Class II genes might be functional, while others are
not. Since yeast complementation assays don’t work all of the time, our approaching
using the in-vitro TPS activity assay would be a good verification of activity. In some,
if not all, of the Class II genes we planned on testing, I would expect them to not be
functional.
This project will have many applications for future work. These results will
be important because there are still many unknowns about how the trehalose gene
families interact. We do not know the role of these genes in plant metabolism, but
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we do know they are important metabolic sensors, so understanding their
functionality will be important for understanding their interactions. There is some
speculation that they form protein complexes14. If they do form complexes, and are
not functional as TPS themselves, they could regulate activity of TPS1, which is a
catalyst. They could also act as sensors of G6P and NADP/NADPH levels, as is the
case in Magnaporthe oryza fungi21.
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